EP 0 015 070 A1

turopaisches Patentamt

0’ European Patent Office

Office européen des brevets

@ Publication number;

® EUROPEAN PATENT APPLICATION

@ Application number: 80300235.1

@ Date of filing: 24.01.80

@mmcaxG 11 C7
H 03 K 5

0 015 070
A1

/06
/02

Priority: 07.02.79 JP 13061:79

Date of publication of application:
03.09.80 Bulletin 80,18

(89 Designated Contracting States:
DE FR GB NL

Representative: Allman

@ Applicant: FUJITSU LIMITED

1015, Kamikodanaka Nakahara-ku

Kawasaki-shi Kanagawa

404, Fujigaoka 2-chome

211{JP)

@ Inventor: Yamauchi, Takahiko

Midori-ku Yokohama-shi, Kanagawa 227(JP)

, Peter John et al,

Marks and Clerk, Scottish Life House Bridge Street

Manchester M3 3DP({GB)

@ Sense amplifier circuit.

@ A sense amplifier circuit comprising of one or two diffe-
rential amplifiers to each of which are connected one or two
reference transistors (Q,s, Qs resp. Qa5, Q'25) for producing
the reference voltages (V'Ri resp. V'R2) of the corresponding
differential amplifiers. The reference transistors are control-
led by input signals (e.g. Vi1) and/or output signals (e.g. Vo)
of the differential amplifiers.
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SENSE AMPLIFIER CIRCUIT

The present invention relates to a sense amplifier
circuit for detecting and amplifying two bipolar differential
signals. The circuit serves as an interface between the
memory portion and the logic portion of a computer.

In general, the voltages Vil and Vi2 of two bipolar
differential signals can be represented as follows.

Vil = Vc * Vd

Via = Ve T Vq
where Vc is a common direct component of the two signals, and
Vd is a differential component of the two signals. In a
memory such as an MOS (Metal Oxide Semiconductor) memory
of a computer, the value of Vd is, for example, about
0.5 volt {(which value is called an MOS level), while, in a
logic such as a TTL (Transistor Transistor Logic) inverter
of the computer, the value of Vd is about 1.5 wvolts (which
value is called a TTL level). 1In general, the MOS level
is very small compared with the TTL level, so that the
signals of the MOS level cannot operate the TTL inverter.
As a result, the memory is provided with a sense amplifier
circuit for changing an MOS level of two pipolar differential
signals to a TTL level thereof. Therefore, the sense
amplifier circuit serves as an interface between the
memory portion and the logic portion of the computer.

The prior art sense amplifier circuit comprises two
or more differential amplifiers to each of which a reference
transistor for producing the reference operating voltage
of each of the differential amplifiers is connected. Each
of the reference operating voltages is preset to be almost
constant so that the difference in potential between the
two bipolar differential signals can be amplified by the
differential amplifiers. In the case of providing two
differential amplifiers, the difference in potential
between two bipolar differential signals is amplified by a
first differential amplifier and, after thét, the amplified
difference in potential is amplified by a second differential
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amplifier whose output signals are applied to a logic such
as a TTL inverter.

However, in the prior art sense amplifier circuit,
the sensing speed is low, since the sensing operation is
effected by a two or more stage amplification and the
change of the conductances of input transistors forming
the differential amplifiers is not small due to the constant
of the reference voltages. In addition, the sensing
operation is unstable, since the constant reference voltages
are changed responsive to the change of a power supply
voltage. At worst, it may happen that the sensing operation
is not effected.

It is an object of the present invention to provide
a sense amplifier circuit performing a stable and high-speed
sensing operation.

According to the present invention, there is provided
a sense amplifier circuit comprising a differential ampli-
fier, connected to a first power supply line (VDD), which
receives first and second input signals with different
phases, and; one or two reference transistors connected
between the differential amplifier and a second power
supply line (VSS) and controlled by the first input signal
or one output signal of the differential amplifier whose
phase is the same as that of the first input signal,
whereby the other output signal of the differential amplifier
serves as an output signal of the sense amplifier circuit.
This sense amplifier circuit can be applied to the case
wherein only one differential signal is needed.

According to the present invention, there is also
provided a sense amplifier circuit comprising: first and
second differential amplifiers, connected to a first power
supply line (VDD), which receives first and second input
signals with different phases; one or two reference transis-
tors connected between the first differential amplifier
and a second power supply line (VSS) and controlled by the
first input signal or one output signal of the first or

second differential amplifier whose phase is the same as
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that of the first input signal, and; one or two reference
transistors connected between the second differential
amplifier and the second power supply line (VSS) and
controlled by the second input signal or one output signal
of the first or second differential amplifier whose phase

is the same as that of the second input signal, whereby

the other output signals of the first and second differential
amplifier serve as two output signals of the sense amplifier
circuit. This sense amplifier circuit can be applied to-

the case wherein two differential signals are needed.

In the above-mentioned sense amplifier circuits
according to the present invention, the reference voltages
are changeable responsive to the input signals so that tlie
conductances of input transistors are forced to be large.

As a result, the input transistors rapidly conduct. In
addition, the sense operation can be effected by 6ne—stage
amplification, even if the sense amplifier circuit comprises
two differential amplifiers (in this case, both of the
differential amplifiers can be operated simultaneously).
Therefore, the sensing speed by the circuit of the present
invention becomes higher as compared with the prior art.

In addition, the sensing operation by the circuit of the
present invention becomes stable, since the voltage applied
to the gate of one of the input transistors and the reference
voltage thereof are changed to opposition directions, so -
that the input transistors can be easily operated.

The present invention will be more clearly understood
from the following description with reference to the
accompanying drawings wherein:

Fig. 1 is a block circuit diagram illustrating a
general static memory including a sense amplifier circuit;

Fig. 2 is a circuit diagram illustrating a
memory cell in the memory of Fig. 1;

Fig. 3 is a circuit diagram illustrating the
prior art sense amplifier circuit;

Fig. 4 is a timing diagram showing the signals
appearing in the sense amplifier circuit of Fig. 3;



10

15

20

25

30

35

0015070

Fig. 5 is a circuit diagram illustrating a first
embodiment of the sense amplifier circuit of the present
invention;

Fig. 6 is a timing diagram showing the signals
appearing in the sense amplifier circuit of Fig. 5;

Fig. 7 is a circuit diagram illustrating a
second embodiment of the sense amplifier circuit of the
present invention;

Fig. 8 is a circuit diagram illustrating a third
embodiment of the sense amplifier circuit of the present
invention; '

Fig. 9 is a timing diagram showing the signals
appearing in the sense amplifier circuit of Fig. 8, and;

Fig. 10, 112, 11B and 12 are circuit diagrams
illustrating fourth, fifth, sixth and seventh embodiments
of thé sense amplifier circuit of the present invention,
respectively.

In Fig. 1, the memory such as a static MOS memory
comprises a cell array composed of memory cells (n rows x
n columns). For example, when a memory cell Cll in the
first row of the first column is selected, the potential
of a row address signal Xl is changed from low to high by
a row decoder (not shown) and, accordingly, the potential
at a word line WLl is changed from low to high. 1In addition,
the potential of a column signal Y1 is changed from low to
high by a column decoder (not shown) and, accordingly, bit
lines BL1 and Efl are connected to data bit lines DB and
DB, respectively. As a result, two different voltages at
the data bit lines DB and DB whose difference is at an MOS
level is applied to a sense amplifier circuit 1 so that
the sense amplifier circuit 1 produces signals S and §
whose difference in potential is at a TTL level.

Fig. 2 is a circuit diagram illustrating a memory
cell in the memory of Fig. 1. In Fig. 2, the logic "1"

state of the memory cell Ci corresponds to the state

J
wherein the potentials at P1 and P, are low and high,

respectively, i.e., that an MOS transistor Q1 is conductive

L
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and a MOS transistor Q, is non-conductive. Similarly, the
logic "0" state of the memory cell Cij corresponds to the
state wherein the potentials at Pl and P2 are high and

low, respectively, i.e., that the transistor Ql is non-
~conductive and the transistor Q2 is conductive. The
read-out operation of the memory cell Ci' is ecarried out
by the signals Xi and Yj (not shown) whose potentials are
high. As a result, the MOS transistors Q3 and Q4 are
conductive, so that the signals representing the logic "1"
or "0" appearing in the bit 1lines BLj and ﬁfj are transmitted
through the data bit lines DB and DB to the sense amplifier
circuit 1 (Fig. 1). Thus, the logic "1" or "0" is read
out by means of the sense amplifier circuit 1.

Fig. 3 is a circuit diagram illustrating the prioxr
art sense amplifier circuit. The sense amplifier circuit
comprises two differential amplifiers and two reference
MOS transistors le and Q25 for determining the reference
voltages of the differential amplifiers. The first one of
the differential amplifiers is composed of two load MOS
transistors Q;; @nd Q,; whose drains and gates are connected,
respectively, and two input MOS transistor Qy, and Q14 -
while the second one 1s composed of two load MOS transistors
Q21 and Q53 whose drains and gates are connected, respec-
tively, and two input MOS transistqrs Q23 and Qoy- The
voltages VCl and VC2 are preset to be constant so that the
reference voltages VRl and VR2 are almost constant. In
this case, the voltage VCl is lower than the voltage V
so that the reference voltage Ve1 is higher than the

c2

reference voltage VR2' Two voltages V'Ol and V‘02 which
are outputted from the second differential amplifier serve
as output voltages of the sense amplifier circuit. '

The operation of the sense amplifier circuit of
Fig. 3 will be explained below. All the MOS transistors
used in Fig. 3 are, for example, n-channel MOS transistors
whose threshold voltage Vth is, for example, about.0.7 volt.
The power supply voltages VDD and VSS are, for example,
5 volts and 0 volt, respectively. PFig. 4 is a timing
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diagram showing the signals appearing in the sense amplifier
circuit of Fig. 3. As illustrated in Fig. 4, the voltages

v and VR2 are constant. When the input voltages Vil and

R1
Vi2 whose values are, for example, 4 volts and 3 volts,
respectively, are applied to the MOS transistors Q5 and

Q
14
the MOS transistor Q14 remains non-conductive. In this

, respectively, the MOS transistor Q12 conducts and

case, the input voltages Vil and Vi2 satisfy the following
inegualities.

Vil > Vg1 * Vep (1)

Via < VR1 * Vep (2)

As a result, the voltage VOl becomes at about 2.5 volts
and the voltage V02 remains at about 4 volts. The voltages

VOl and Voo satisfy the following inequalities.
Vor © Vrz2 * Vin (3)
Vo2 > Vr2 * Viy (4)

The voltages VOl and V02 are applied to the MOS transistors
Q22 and Q24 of the second differential amplifier which
serves as an inverter, so that the differential amplifier
o1 3nd Vg
are about 4 volts and 0.8 volt, respectively. Thus, the

produces two output voltages V! whose values

difference 2Vd between the voltages Vil and Vi2 is amplified

by the first differential amplifier and the difference

2V'd between the voltages VOl and Vo2 is amplified by the .
second differential amplifier. As a result, the difference
2V" . between the voltages V' and V' which is at a TTL

d
level can be obtained.

01 02

When the input voltage Vil is changed from high to
low and the input voltage Vi2 is changed from low to high
as shown in Fig. 4, the MOS transistor le cuts off and
the MOS transistor Q,4 conducts so that the voltages Vg,
and V02 outputted from the first differential amplifier
are changed. As a result, the MOS transistor sz conducts
and the MOS transistor Q24 cuts off so that the vocltages
V'Ol and V'02 outputted from the second differential
amplifier are also changed. In this case, the input

voltages Vil and Vi2 and the voltages Vo1 and V02 satisfy

g

*
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the following inegualities.

Vit VRl * Vin (1)
Vio > Vr1 * Vin (2)"
Vo1 > Vr2 * Vin (3)°
Yoz © Vra * Vin (4)"

The sensing speed of the sense amplifier circuit of Fig. 3
can be represented by 1/(tl+t2) wherein tl and t2 are
delay times of the first and second differential amplifiers,
respectively. In addition, the value l/tl depends upon
Avl which eguals |Vi1—(VR1+Vth)| or |Vi2-(VR2+Vth)l, while
the value 1/t, depends upon AV2 which equals [VOI—(VR2+Vth)'
or [V = (Ve *Vip) |-

In the sense amplifier circuit of Fig. 3, the
voltages VRl and VR2 are almost constant so that the
values AVl and AV2 cannot be greater than a definite
value, i.e., the values l/t1 and l/t2 cannot greater than
a definite value. 1In addition, the sensing operation can
be performed by using two-stage amplification. As a
result, the sensing speed by the circuit of Fig. 3 is low.
Further, when the power supply voltage is changed, the
reference voltages Ve and VR2 are also changed, which
enable the sensing operation to be unstable. Furthermore,

at worst, it may happen that the voltage Vil and Vi do

not satisfy the inequalities (1) and (2) (or (1)' aid
(2)') and the voltages V01 and V02 do not satisfy the
inequalities (3) and (4) (or (3)' and (4)'), i.e., the
sensing operation is not performed.

Fig. 5 is a circuit diagram illustrating a first
embodiment of the sense amplifier circuit of the present
invention. The sense amplifier circuit of Fig. 5 is
applied to the case wherein only one differential output
signal is needed. The sense amplifier circuit comprises
one differential amplifier formed by four MOS transistors
Q11 ' le ' Ql3 and Q14 and a reference MOS transistor
le. One output voltage V02 of the differential amplifier
is feedback to the gate of the MOS transistor le so that

the reference voltage V' is variable.

Rl



10

15

20

25

30

35

0015070

The operation of the sense amplifier circuit of
Fig. 5 will be explained below. Fig. 6 is a timing diagram
showing the signals appearing in the sense amplifier
circuit of Fig. 5. Referring to Fig. 6, when the input
voltages Vil and Vi2 whose values are, for example, 4 volts
(high level) and 3 volts (low level), respectively, are
applied to the MOS transistors le and Q4 7 respectively,
the voltage V02 becomes higher than the voltage V01' As a
result, the conductance of the MOS transistor le becomes
very large so that the reference voltage V'Rl becomes low,
which makes the conductance of the MOS transistor le to
be very large. Therefore, the output voltage V01 is very
small. In this case, the MOS transistor Q14 is also
conductive, but the conductance of the MOS transistor Q14
is smaller than that of the MOS transistor le.

Next, when the input voltage Vil is changed from
high to low and the input voltage Vi2 is changed from low
to high, the conductance of the MOS tramnsistor Q14 becomes

large so that the voltage V is decreased. Therefore,

02
the conductance of the MOS transistor le becomes small so

that the reference voltage V' is increased as illustrated

Rl

in Fig. 6. In this case, if the difference AV2 in potential

between the input voltage Vil and the reference voltage

-, )
v Rl 1S smaller than the threshold voltage Vth

is, for example, 0.7 volt, the MOS tranmsistor Q,, cuts off~

whose wvalue

so that the output voltage V01 is rapidly increased.
Thus, when the input voltage Vil is high, the difference
AV1 in potential between the input voltage Viq and the

reference voltage V' is much larger than Vth , and

Rl
contrary to this, when the input voltage Vil is low, the

difference AV2 in potential between the input voltage Vil

and the reference voltage V' is smaller than Ve As a

result of this, a high sensiié speed whose value 2orresponds
to 1/t3 in Fig. 6 can be obtained. In addition, a stable
sensing operation can be also obtained, since if the input
voltage Vil is increased due to the increase of a power

supply voltage, the input voltage Vi2 is also increased so

-
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that the output voltages V01 and V02 are decreased and the
reference voltage V'Rl is increased.

Fig. 7 is a circuit diagram illustrating a second
embodiment of the sense amplifier circuit of the present
invention. The sense amplifier circuit of Fig. 7 further
comprises a reference MOS transistor Q'15 , in addition to
the sense amplifier circuit of Fig. 5. The gate of the
MOS transistor Q'15 receives the input voltage Vil so
that the reference voltage V'Rl can be also obtained as
illustrated in Fig. 6. Therefore, the operation of the
sense amplifier circuit of Fig. 7 is similar to that of
the sense amplifier circuit of Fig. 5. However, the
former operation (Fig. 7) is more reliable than the latter
operation (Fig. 5).

Fig. 8 is a circuit diagram illustrating a third
embodiment of the sense amplifier circuit of the present
invention. This sense amplifier circuit is applied to the
case whereim two differential output signals are needed.
The sense amplifier circuit comprises a first differential
anplifier formed by four MOS transistors Q11 ’ le R Q13
and Q14 , a reference MOS transistor Q15 r & second differen-
tial amplifier formed by four MOS transistors Q21 ’ Q22 ’
Q23 and Q24 and a reference MOS transistor Q25. The
reference MOS transistor le is controlled by one output
voltage V01 of the second differential amplifier whose
phase is the same as that of the first input voltage Vii v
while the reference MOS transistor Q25 is controlled by
one output voltage V02 of the first differential amplifier
whose phase is the same as that of the second input voltage
Vi2' Though the sense amplifer circuit comprises two
differential amplifiers, the differential amplifiers can
operate simultaneously which means that the sensing operation
can be performed by using one-stage amplification.

The operation of the sense amplifer circuit of
Fig. 8 will be explained below. Fig. 9 is a timing diagram
showing the signals appearing in the sense amplifier

circuit of Fig. 8. Referring to Fig. 9, when the input



10

15

20

25

30

35

0015070

- 10 -

voltage Vii and Vio whose values are, for example, 4 volts
(high level) and 3 volts (low level), respectively, are
applied to the MOS transistors le ’ Q24 and the MOS
transistors Q14 and Q22 , respectively, the conductance of
the MOS transistor le becomes higher than that of the MOS
transistor Q14 so that the output voltage V02 becomes low.
As a result, the conductance of the M0OS transistor Q25
becomes small so that the reference voltage V'Rz becomes
high. Similarly, the output voltage Vo1 becomes high and

the reference voltage V' becomes low. As can be understood

from Fig. 9, since the d?éferences Av11 ’ AV12 and AV21 in
potential are much larger than Ven whose value is, for
example, 0.7 wvolt, the MOS transistors le ’ Q14 and Q24
are conductive. Contrary to this, since the difference
Av22 is smaller than Vth , the MOS transistor Q22 is
non-conductive.

Next, when the input voltage Vil is changed from
htigh to low and the input voltage Vi2 is changed from low
to high, the conductance of the MOS transistor Q14 becomes
higher than that of the MOS transistor le so that the
output voltage V02 becomes high. As a result, the conduct-
ance of the MOS transistor st becomes high so that the

reference voltage V' becomes low. As a result, the MOS

R2
transistor Q55 rapidly conducts, which invites the rapid
decrease of the output voltage VOl' Similarly, the output
voltage V01 becomes low and the reference voltage V'Rl
becomes high so that the MOS transistor le rapidly cuts
off, which invites the rapid increase of the output voltage
V02.
After that, as can be understood from Fig. 9, since

3 1 ]

the difference AV 11 * Av 2

much larger than Vth , the MOS transistors Q14 v Q22 and

and AV'22 in potential are

Q24 are conductive. Contrary to this, since the difference
. . . .
AV 19 1S smaller than Vth » the MOS transistor le is
non-conductive. By using the sense amplifier circuit of
Fig. 8, high and stable sensing speed whose value corresponds

to l/t3 in Fig. 9 can be obtained due to the same reason

»
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as mentioned in the descriptions with regard to Fig. 5.

Figs. 10, 11A and 11B are circuit diagrams illus-
trating fourth, £ifth, and sixth embodiments of the sense
amplifier circuit of the present invention. 1In Fig. 10,
the reference MOS transistors Q15 and Q25 are controlled
by the input voltages Vil and Vi2 , respectively. 1In
Fig. 11A, the reference MOS transistor le is controlled
by the output voltage V01 whose phase is the same as that
of the input wvoltage Vi1 and the reference MOS transistor
Q25 is controlled by the input voltage Vioe In Fig. 11B,
the reference MOS transistor le is controlled by the
input voltage Vi and the reference MOS transistor Q5 is
controlled by the output voltage Va2 whose phase is the
same as that of the input voltage Viz. The operations of
these sense amplifier circuits of Figs. 10, 11A and 11B
are similar to that of the sense amplifier circuit of
Fig. 8.

Fig. 12 is a circuit diagram illustrating a seventh

‘embodiment of the sense amplifier circuit of the present

invention. The sense amplifier circuit of Fig. 12 further
conprises a reference MOS transistor Q'15 connected in
paralle} to the reference MOS transistor le and a reference
MOS transistor Q‘25 connected in parallel to the reference
MOS transistor Q25 , in addition to the sense amplifier
circuit of Fig. 8. The reference MOS transistor Q'15 is
controlled by an output voltage of the first differential
amplifier whose phase is the same as that of the input
voltage Viq and the reference MOS transistor Q‘25 is
controlled by an output voltage of the second differential
amplifier whose phase is the same as that of the input
voltage V.,. The operation of the sense amplifier circuit
of Fig. 12 is similar to that of the sense amplifier
circuit of Fig. 8. However, the former operation (Fig. 12)
is more reliable than the latter operation (Fig. 8).

In Fig. 12, the reference MOS transistors Q'15 and
Q’25 are controlled by the output voltages of the first
and second differential amplifiers. However, it should be
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noted that the reference MOS transistors Q'15 and Q'25 can
be controlled by the input voltages Vil and Vi2 ;
respectively.

As explained hereinbefore, the sense amplifier
circuit according to the present invention has the following
advantages as compared with those of the prior art.

(1) High sensing speed can be obtained, since the
conductances of the input transistors are forced to be
large by controlling the corresponding reference transistors
and the sensing operation is performed by one-stage
amplification.

(2) sStable sensing operation can be obtained,
since the reference voltages of the differential amplifiers
are variable, responsive to the changes of the input
voltages which excludes the influence of the fluctuation

of the power supply voltage.
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CLAIMS

1. A sense amplifier circuit comprising:

a differential amplifier, connected to a
first power supply line (VDD), which receives first and
second input signals with different phases, and;

a first reference transistor connected
between said differential amplifier and a second power
supply line (VSS) and controlled by a first output signal
of said differential amplifier whose phase is the same as
that of said first input signal,

whereby a second output signal of said
differential amplifier whose phase 1s the same as that of
said second input signal serves as an output signal of
said sense amplifier circuit.

2. A circuit as set forth in claim 1, further
conmprising a second reference transistor connected in
parallel with said first reference transistor ana controlled
by said first input signal.

3. A sense amplifier circuit comprising:

first and second differential amplifiers,
connected to a first power supply line (VDD), which receives
first and second input signals with different phases;

a first reference transistor connected
between said first differential amplifier and a second
power supply line (VSS) and controlled by a first output
signal of said second differential amplifier whose phase
is the same as that of said first input signal, and;

a second reference transistor connected
between said second differential amplifier and said second
power supply line (VSS) and.controlled by a first output
signal of said first differential amplifier whose phase is
the same as that of said second input signal;

whereby a second output signal of said
first differential amplifier and a second output signal of
said second differential amplifier whose phases are the
same as those of said second and first input signals,

respectively, serve as two output signals of said sense
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amplifier circuit.

4. A circuit as set forth in claim 3, further
comprising a third reference transistor connected in
parallel to said first reference transistor and controlled
by said first input signal.

5. A circuit as set forth in claim 3, further
comprising a fourth reference transistor connected in
parallel to said second reference transistor and controlled
by said second input signal.

6. A circuit as set forth in claim 3, further
comprising a fifth reference transistor connected in
parallel to said first transistor and controlled by said
second output signal of said first differential amplifier.

7. A circuit as set forth in claim 3, further
comprising a sixth reference transistor connected in
parallel to said second reference transistor and controlled
by said second output signal of said second differential
amplifier.

8. A sense amplifier circuit comprising:

first and second differential amplifiers
connected to a first power supply line (VDD), which receives
first and second input signals with different phases;

a first reference transistor connected
between said first differential amplifier and a second
power supply line (VSS) and controlled by said first input
signal, and;

' a second reference transistor connected
between said second differential amplifier and said second
power supply line (VSS) and controlled by a first output
signal of first differential amplifier whose phase is the
same as that of said secoond input signal,

whereby a second output signal of said
first differential amplifier and a first output signal of
said second differential amplifier whose phases are the
same as those of said second and first input signals,
respectively, serve as two output signals of said sense
amplifier circuit.

s

£
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9. A circuit as set forth in any of claims 1, 3
and 8, wherein each of said differential amplifiers
comprises:

first and second load transistors connected

to said first power supply line (V and;

DD)’
first and second input transistors connected
in series to said first and second load transistors,
respectively,
whereby the gates of said first and second
input transistors receive said first and second input
signals, and the node connecting said first load transistor
and said first input transistor and the node connecting
said second load transistor and said second input transistor

produce two output signals thereof.
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Fig. 12
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